Abstract: Data regarding the incidence and outcome of renal involvement in patients with inflammatory myopathies (IM) remain scarce. We assessed the incidence and causes of acute kidney injury (AKI) and chronic kidney disease (CKD) in 150 patients with dermatomyositis, polymyositis, and antisynthetase syndrome followed in 3 French referral centers. Renal involvement occurred in 35 (23.3%) patients: AKI in 16 (10.7%), and CKD in 31 (20.7%) patients. The main cause of AKI was drug or myoglobinuria-induced acute tubular necrosis. Male sex, cardiovascular risk factors, cardiac involvement, and initial proteinuria 90.3 g/d were associated with the occurrence of AKI. The outcome of patients with AKI was poor: 13 (81%) progressed to CKD and 2 (12.5%) reached end-stage renal disease. In multivariate survival analysis, age at IM onset, male sex, a history of cardiovascular events, and a previous episode of AKI were associated with the risk of CKD. We also identified 14 IM patients who underwent a kidney biopsy in 10 nephrology centers. Renal pathology disclosed a wide range of renal disorders, mainly immune-complex glomerulonephritis. We identified in 5 patients a peculiar pattern of severe acute renal vascular damage consisting mainly of edematous thickening of the intima of arterioles.
INTRODUCTION

I
nflammatory myopathies (IM) include dermatomyositis (DM) and polymyositis (PM), 2 rare autoimmune diseases (prevalence of 7 cases/100,000) characterized by moderate to severe muscle weakness and inflammatory lesions in the muscle. 19 The pathophysiology of these 2 entities is not fully understood, but they are probably related to 2 distinct mechanisms. DM, which is frequently associated with neoplasia, results from a complementmediated microangiopathy in the muscle. Complement activation and the subsequent generation of the C5Yb9 membrane attack complex (MAC) is a central player in the genesis of DM. 16 MAC targets the endothelial cells and induces capillary necrosis, perivascular inflammation, microinfarcts, and destruction of muscle fibers. 2, 5 Complement activation also triggers cytokine and chemokine release, and the ensuing influx of B and CD4+ T lymphocytes in the perimysium. In contrast, PM is related to muscle fiber (endomysium) inflammation and necrosis due to infiltrating activated cytotoxic CD8+ cells that recognize upregulated MHC class I antigens expressed on the membrane of muscle fibers. 5 Although DM and PM arise from 2 distinct mechanisms, they are both associated with the occurrence of various nonspecific myositis-associated antibodies (anti-Ssa, Ssb, RnP, DNA, Sm, PmScl, Scl70 antibodies, and antineutrophil cytoplasmic antibodies EANCA^) and myositis-specific antibodies (the antisynthetase antibodies: anti-JO1, OJ, EJ, KS, ZO, PL12, PL7; ). DM and PM lead to frequent, and, in some cases, lifethreatening extramuscular complications. The most frequently affected organ is the lung (25%Y45%). 8 Pulmonary involvement includes nonspecific interstitial pneumonia (NSIP), usual interstitial pneumonia, bronchiolitis obliterans organizing pneumopathy, diffuse alveolar damage, and interstitial pneumonia related to neutrophil or CD8+ cell-induced alveolitis. 8 Pulmonary disease may occur in the setting of ''antisynthetase syndrome'' (AS) that combines myositis, interstitial pneumonia, arthritis, Raynaud phenomena, cutaneous disease, mechanics' hands, and the presence of antisynthetase antibodies. Cardiac involvement has also been reported in 5%Y15% of cases. 17 Data regarding the incidence and outcome of renal involvement in patients with IM remain particularly scarce, even though renal involvement is frequent in various systemic autoimmune diseases.
In the present study, we retrospectively assessed the incidence and outcome of acute kidney injury (AKI) and chronic kidney disease (CKD) in a large cohort of patients with IM. We also analyzed the spectrum of nephropathies documented by kidney biopsy performed in patients with IM.
PATIENTS AND METHODS
We identified patients with DM, PM, and AS using computerized databases in 3 French referral centers for patients with IM (internal medicine department of CHU de Nantes, Nantes, and internal medicine departments 1 and 2 at the Hôpital de la Pitié Salpêtrière, Paris). Diagnosis of DM, PM, and AS was based on the ENMC classification. 12 We excluded patients in whom muscle biopsy disclosed features suggestive of a type of myositis distinct from DM/PM, and patients with myositis associated with a well-recognized autoimmune systemic disease (systemic lupus erythematosus, systemic sclerosis, sarcoidosis). Long-term clinical and laboratory (including serum creatinine ESCr^and proteinuria) follow-up of these patients was performed mainly in outpatient clinics or during day hospitalizations, as frequently as required based on their clinical status.
Clinical and Laboratory Features
We retrospectively reviewed the medical records of included patients and collected relevant data. Muscle weakness was assessed using a testing score (NFIP score: 0Y5). The muscle injury was estimated using the blood creatine phosphokinase (CPK) level expressed in IU/L. Evaluation of extramuscular involvement was mainly performed in the presence of suggestive clinical signs. Pulmonary involvement was diagnosed based on the presence of clinical signs (shortness of breath, cough, etc) associated with features of interstitial pneumonia on the chest computed tomography, and/or a decrease in the diffusing capacity of the lung for carbon monoxide. Heart involvement was defined based on electrocardiogram findings (dysrhythmias, conduction defects) and cardiac echocardiography findings suggestive of infiltrative cardiomyopathy, whereas features of sensory or motor impairment in the electromyogram (demyelinating or axonal polyneuropathy) defined neurologic involvement.
Autoantibodies were detected by indirect immunofluorescence and quantitated by ELISA or Dot-Blot. Disease remission was defined by the resolution of muscle weakness and a decrease 950% in CPK level. Relapse was defined by a worsening of muscular symptoms and/or an increase in CPK level requiring a Abbreviations: AZA = azathioprine, Cs = steroids, CYP = cyclophosphamide, IVIg = intravenous immunoglobulins, MAA = myositis-associated antibodies, MMF = mycophenolate mofetil, MSA = myositis-specific antibodies, MTX = methotrexate. *Bold items are significant. †Fever, weight loss.
modification of treatment regimen. The resistance to initial treatment was defined by the persistence of clinical or laboratory features leading to the institution of a second-line treatment. AKI was defined as an acute doubling of SCr level. Patients with prerenal AKI defined by a normalization of SCr following hydration with at least 500 mL of saline solution were excluded from the analysis. An estimated glomerular filtration rate (eGFR) using the MDRD formula G60 mL/min on at least 2 measurements 3 months apart defined CKD.
We identified kidney biopsies performed in patients with IM through a query sent to 10 French nephrology centers. Kidney biopsies were blindly reviewed by the same expert renal pathologist (A. Moreau).
We performed a PubMed-based search (National Library of Medicine, Bethesda, MD) for published cases of kidney biopsies in DM, PM, and AS patients using the following key words: ''IM, DM, PM, AS, nephritis, renal involvement.''
Statistical Analysis and Ethical Review
Data are expressed as mean T standard deviation for continuous covariates or as count and percentage for categorical covariates. Comparisons were performed using the t test and chi-square test (for continuous and categorical variables, respectively) or the Mann-Whitney or Fisher exact test, depending on the number of patients. Time-to-CKD analyses were performed using Cox models. Only variables significantly associated (p G 0.2) with the occurrence of CKD on univariate analysis were subsequently entered into the multiple regression model. The final model was constructed by backward stepwise selection process (p G 0.05). A prognostic score predictive of the occurrence of CKD was established. This score is equal to the sum of the risk factor values in the final survival model, multiplied by the corresponding loghazard ratios. The time-dependent receiver operating characteristic (ROC) method was used to analyze the ability of the score to predict the occurrence of CKD, while taking into account data censoring during follow-up. 11 Prediction of CKD risk was limited to 5 years, as only a few patients were followed beyond that time. We aimed to identify high-risk patients for CKD, and thus we chose a cutoff score value in order to discriminate high and low CKD risk groups with a high sensitivity (0.9). All the analyses were performed using R software.
For this retrospective study, no review board approval was required.
RESULTS
We identified 199 patients with the diagnosis of DM, PM, or AS, and excluded from the analysis 49 patients with incomplete data. Among the remaining 150 patients, 96 (64%) had DM, 26 (17%) had PM, and 28 (19%) had AS. Patient characteristics 
AKI in Patients With IM
AKI occurred during the first 6 months after the diagnosis of IM in 50% of patients, and during the first year in 60% of cases. AKI was related to drug toxicity in 6 patients: intravenous immunoglobulin in 4 cases, tacrolimus in 1 case, and cisplatine used to treat lung adenocarcinoma in 1 case. In 3 cases, AKI was due to myoglobinuria-related acute tubular necrosis (ATN) that was associated in 1 case with severe acute heart failure due to myositisassociated myocardiopathy. One patient developed, 2 weeks after the start of steroids (1 mg/kg), thrombotic microangiopathy (platelets, 40 G/L; hemoglobin, 5.9 g/dL, undetectable haptoglobin, presence of 3% schizocytes on blood smear) and AKI requiring dialysis. Another patient presented with AKI (SCr: 440 Kmol/L), mild proteinuria (1 g/d), and microscopic hematuria 2 years after the diagnosis of DM. Kidney biopsy disclosed acute vascular lesions consisting of edematous changes of the intima of arteries and severe glomerular ischemia. In the last patient, AKI (SCr: 150 Kmol/L, microscopic hematuria, proteinuria, 7.5 g/d) complicated the course of membranous nephropathy (MN) diagnosed 10 years earlier. AKI coincided with a relapse of AS, and kidney biopsy disclosed MN with superimposed crescentic glomerulonephritis in more than 50% of glomeruli. In 4 cases, the cause of AKI was unknown.
In descriptive analysis, male sex, cardiovascular risk factors, the severity of muscle injury, heart involvement, and initial proteinuria (90.3 g/d) were associated with AKI (Table 2) . In contrast, analysis of available data did not show a significant association between the type, severity, and treatment of IM; the level of CPK; and the occurrence of AKI. Survival analysis was not performed due to the relatively limited number of patients. Among patients with AKI, 13 (81%) progressed to CKD, including 2 patients (12.5%) who reached end-stage renal disease (ESRD). The 3 (19%) remaining patients recovered and retained normal renal function.
CKD in Patients With IM
CKD was noted in 31 (20.7%) patients included in the study (mean eGFR: 44.1 mL/min T 15.8). In 4 patients, CKD predated the onset of IM; their initial SCr values were 136 Kmol/L (eGFR: 47 mL/min), 148 (eGFR: 32 mL/min), 150 (eGFR: 44 mL/min), and 160 Kmol/L (eGFR: 38 mL/min). These patients were, however, included in the analysis, as all experienced a rapid decline in eGFR (925% of initial SCr, mean decrease of eGFR of 10 mL/min) in the 2 years following the diagnosis of myositis, along with the development of significant proteinuria (91.5 g/d) in 2 of them.
Twenty patients (64.5%) had CKD grade III-a (eGFR: 45Y60 mL/min), 4 (12.9%) had CKD grade III-b (eGFR: 30Y45 mL/min), 5 (16.1%) had CKD grade IV (eGFR: 15Y30 mL/min), and 2 (6.5%) had CKD grade V. Two patients underwent kidney biopsy in the setting of proteinuria (2 and 7 g/d) and a decrease in eGFR 930%, at 2 and 8 years, respectively, after the onset of myositis. Both had normal renal function at the diagnosis of myositis. Kidney biopsies disclosed severe fibrotic lesions with 30% and 60% of sclerotic glomeruli and focal segmental glomerulosclerosis lesions.
Male sex, cardiovascular risk factors, previous episode of AKI, initial proteinuria (Q0.3 g/d), and the severity of IM as exemplified by the number of different treatments required to induce remission were associated with the development of CKD (Table 3) .
In multivariate survival analysis (Table 4) , only age at IM onset, male sex, history of cardiovascular events, and a previous episode of AKI were identified as risks factors of CKD. History of cardiovascular events affected too few patients (only 4 patients were included in the cohort) to be considered a significant and representative risk factor.
A prognostic score of the occurrence of CKD within 5 years after the onset of IM was established based on the baseline covariates significantly associated with CKD in the multivariate Cox model. With an area under the ROC curve equal to 0.83 (confidence interval ECI^, 0.73Y0.89), this score accurately identified patients with low (score G1.80) or high (score Q1.80) risk for CKD with 90% sensitivity and 60% specificity (Figure 1 ).
The Spectrum of Nephropathies Documented by Kidney Biopsy in Myositis Patients
We identified 14 patients (7 male and 7 female patients) with myositis (6 PM, 5 DM, and 3 AS) who underwent kidney biopsy in 10 French nephrology centers (Table 5 ). All these patients had no clinical or laboratory features of any other autoimmune diseases (including sarcoidosis, systemic sclerosis, and systemic lupus erythematosus) or IM-associated cancer. Kidney biopsy was performed based on the presence of proteinuria (1.2Y7.0 g/d) (n = 13), and/or AKI (SCr: 200Y737 Kmol/L) (n = 5), and/or CKD (n = 3) (eGFR: 34Y46 mL/min) (see Table 4 ). Microscopic hematuria was present in 8 of 11 cases (72.73%). In 8 cases (57%), renal abnormalities were detected within the first 6 months after the diagnosis of myositis.
Pathologic patterns disclosed by kidney biopsies included the following (see Table 5 ):
Immune complex-related glomerulonephritis (n = 4), with IgA nephropathy (IgAN) in 2 patients and MN in 2 cases, 1 of whom had crescentic MN (described above) (Figure 2 A) .
Predominant vascular lesions, noted in 5 patients with DM (n = 2) or PM (n = 3). Four patients (aged 34Y70 yr) with no history of high blood pressure presented with severe AKI (SCr: 200Y570 Kmol/L) due to severe acute vascular lesions. The first patient (Table 5 , Patient 6) was a 68-year-old normotensive man with a history of DM who presented with AKI (SCr: 420 Kmol/L). Kidney biopsy disclosed edematous thickening of the intima of interlobular arteries associated with an interstitial fibrosis and ischemic glomerular lesions ( Figure 2B ). This patient eventually progressed to ESRD. The second patient with vascular lesions (Table 5 , Patient 7) was a 67-year-old normotensive woman who presented with exacerbated PM (rhabdomyolysis, lung involvement) and AKI (SCr: 570 Kmol/L). Edematous thickening of the intima of an interlobular artery superimposed on chronic arteriosclerosis was present in a kidney biopsy ( Figure 2C) . A mild lymphocytic infiltration was detected in 2 interlobular arteries ( Figure 2D ). The patient required hemodialysis and died 2 years after the onset of AKI. The third patient (Table 5 (Table 5 , Patient 9). Three months after introduction of high-dose steroids, he developed AKI (SCr: 737 Kmol/L), and the only remarkable feature in kidney biopsy was extensive arteriolosclerosis lesions.
The remaining cases included focal segmental glomerulosclerosis lesions (n = 2), minimal change disease (n = 2), and chronic tubulointerstitial nephritis (n = 1).
Among these 14 patients, 11 (78.6%) progressed to CKD. At last follow-up, among the 4 patients with immune complexrelated glomerulonephritis, 2 developed CKD (median eGFR: 39.5 mL/min). Among the 5 patients with predominant vascular lesions, 4 reached ESRD and 1 had CKD (eGFR: 50 mL/min). In the last group (n = 5), 4 patients progressed to CKD with a mean eGFR of 33.8 mL/min (27Y44 mL/min).
In (Table 6 ). These cases include IgAN (n = 7), MN (n = 1), membranoproliferative glomerulonephritis (n = 1), pauci-immune crescentic glomerulonephritis (n = 2), minimal change disease (n = 2), focal segmental glomerulosclerosis lesions (n = 1), and acute tubulointerstitial nephritis (n = 1). Renal disease was diagnosed early in the course of myositis, during the first 6 months in 10 cases (66%). Renal outcome of these published cases was not totally reported, but at least 3 of the cases (20%) progressed to CKD.
DISCUSSION
Data regarding renal involvement in the setting of IM are relatively scarce. To our knowledge, a single retrospective study 32 has assessed the occurrence of acute or chronic kidney damage in a relatively small cohort of 65 patients with IM. AKI was reported in 14 patients (21%), CKD in 1 (1.5%), and 4 (6%) additional patients had isolated proteinuria. However, some patients included in the study had SLE, a clear bias in the analysis of renal involvement in that cohort.
The current study included a large number of myositis patients, and patients with other autoimmune systemic disorders were carefully excluded. Our data clearly indicate that AKI and CKD are frequent in patients with IM. Renal damage was noted in 23% of all included patients: AKI occurred in 11% of cases and CKD developed in 21% of the patients. Indeed, ATN is the leading cause of AKI in myositis patients. This is due to the combination of 2 factors. On the one hand, well-identified causes of toxic ATN are frequently encountered in IM patients, mainly myoglobinuria and the use of nephrotoxic drugs such as intravenous immunoglobulins (IVIg). Myoglobin and IVIg cause tubular Abbreviations: See previous tables. AutoAb = autoantibodies, CLM = chloraminophen, Cr = crescentic, CSA = cyclosporine, CTIN = chronic tubulointerstitial nephritis, FSGS = focal segmental glomerulosclerosis, H-uria = hematuria, MCD = minimal change disease, NA = Not available, Pl = plasmapheresis, PR = partial remission, P-uria = proteinuria, R = remission, RTX = rituximab, TNF-i = TNF-> inhibitor, VL = vascular lesions.
*Age at time of IM. †Renal symptoms predated the onset of myositis. ‡Edematous thickening of small arteries intima.
damage through renal medullar vasoconstriction and ischemia, a direct tubular cytotoxic effect and intratubular myoglobin cast formation. 23, 33 On the other hand, IM patients also present with several well-identified risk factors for toxic ATN. In our cohort, advanced age, diabetes, and cardiac disease were associated with the occurrence of AKI in IM patients. These findings highlight the need for 1) a careful monitoring of renal function in IM patients who require potentially nephrotoxic drugs during the acute phases of the disease and 2) the implementation of specific nephroprotective measures such as hydration with saline or bicarbonates or a slow infusion rate of IVIg. Markers that may predict the occurrence of AKI, including the neutrophil gelatinase-associated lipocalin (NGAL), 20 warrant assessment in IM patients, and the prevention of AKI is crucial in these patients. In at least 40% of cases, AKI was not a direct manifestation of IM but rather was due to drug toxicity. Nevertheless, AKI is a frequent event in IM patients, may limit optimal treatment options, and contributes to the relatively high incidence of CKD (21%) in these patients. Eightyone percent of patients who presented with an episode of AKI progressed to CKD, and 12.5% to ESRD.
One-fifth of the patients included in this relatively large and unselected cohort of IM patients had CKD during follow-up. This incidence may even be underestimated. Some patients with severe IM may present with significant amyotrophy, and SCr may not be the optimal biomarker of renal function, as previously underlined in similar populations of patients with amyotrophy. 18, 30 CKD developed after the onset of IM in virtually all patients, and was clearly precipitated by an episode of IM-related AKI in 42% of cases, which strongly suggests a link between IM and the occurrence of CKD. We established a predictive score of CKD in IM patients, a score based on simple, easily available clinical and laboratory parameters. This score may help clinicians identify IM patients at high risk of CKD and refer these patients to the nephrologist for long-term renal monitoring.
Renal pathology data available in our cohort are relatively in keeping with those previously published in cases reports and suggest that IM are associated with a wide range of renal disorders. IM-associated nephropathies consisted mainly of immune complex glomerulopathies, which represent roughly half of all available cases. The predominance of IgAN in previously published cases may be biased by the fact that several previous reports are from the Far East. These glomerulopathies were not paraneoplastic manifestations of IM-related cancers, as only 1 patient (IgAN) out of 19 had a history of cancer. IM are associated with the occurrence of various autoantibodies that were detected in three-fourths of patients included in the present study. The mechanisms underlying this dysregulated generation of autoantibodies remain unclear. Nevertheless, the occurrence of immune complex glomerulopathies, including IgAN 24 or ANCA-associated renal disease, in IM patients may arise from this dysregulated generation of autoantibodies.
We identified a new peculiar pattern of, mostly acute, renal vascular damage in 4 IM patients with no clinical or laboratory features of systemic sclerosis. One patient presented will fullblown thrombotic microangiopathy 2 weeks after the start of steroids, a clinical feature reminiscent of the triggering of renal scleroderma crisis by steroids. 10 Three additional patients with no history of high blood pressure presented with severe AKI coincidental with an exacerbation of IM (rhabdomyolysis, NSIP). Their only notable renal pathologic feature was severe acute vascular damage consisting of edematous thickening of the intima of arterioles, a feature reminiscent of vascular lesions seen in the setting of accelerated hypertension or renal scleroderma crisis. Finally, in a 34-year-old normotensive man with isolated proteinuria, kidney biopsy disclosed surprising lesions suggestive of chronic arteriolosclerosis. We believe that this pattern of vascular damage is part of the spectrum of renal diseases associated with IM. It is noteworthy that DM is a complement-driven microangiopathy in the muscle. Our findings should be put in perspective with the accumulating data linking complement activation to another acute vascular renal disease, atypical hemolytic uremic syndrome (HUS). 7 In all, our data indicate that AKI and CKD are frequent in IM patients. However, AKI and CKD are probably not a direct manifestation of IM, but rather result from drug and myoglobininduced renal damage. Nevertheless, AKI and CKD contribute to an increased morbidity in these patients. Thus, careful monitoring of renal function is required, and adequate measures are crucial to prevent AKI in these patients, as AKI is a major contributor to the relatively high risk of CKD in IM patients. In contrast, the peculiar pattern of acute vascular damage we identified is most probably directly related to IM and is part of the spectrum of renal diseases associated with these disorders. Abbreviations: See previous tables. ATIN = acute tubulointerstitial nephritis, DPGN = diffuse proliferative glomerulonephritis, PE = plasma exchange, PICrG = pauci-immune crescentic glomerulonephritis.
*Surgical treatment of AS-associated lung cancer. †Renal symptoms predated the onset of myositis.
